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The population of Flesh-footed Shearwaters, Puffinus carneipes, on Lord Howe Island, Australia, has decreased over recent decades. Known 
threats include long-line fishing and loss of nesting habitat. The recent occurrence of plastic debris in breeding colonies has raised concerns 
that plastic ingestion also may be contributing to the decline of this species. In this paper we investigate the extent of plastic ingestion by 
Flesh-footed and Wedge-tailed shearwaters, Puffinus pacijicus, on Lord Howe Island. The remains offailed Flesh-footed Shearwater fledglings 
contained substantial quantities of plastics: up to 37 cm3, equivalent to at least 31 % of proventricular capacity. Road-killed adults (n = 
21) had no plastic in their provenrriculus. Provenrricular contents of near-fledged birds, obtained by non-lethal means, showed that 79%
of Flesh-footed Shearwaters and 43% of Wedge-tailed Shearwaters contained plastics, in volumes of up to 18.0 cm3 and 2.8 cm', respec­
tively. Plastic loads were significantly less in Wedge-tailed Shearwaters, the difference possibly due to different densities of plastic within
the foraging locations of each species. The impact of plastic ingestion on the survival of Flesh-footed Shearwater chicks and fledglings, and
the consequent impacts on the demography of the population are unknown and warrant further investigation.
Key Words: marine pollution, marine litter, Lord Howe Island, Wedge-tailed Shearwater, plastic ingestion, Flesh-footed Shearwater,
Pujfinus carneipes, Pujfinus pacijicus.
INTRODUCTION 
The Flesh-footed Shearwater, Pujfinus carneipesGould, 1844, 
is a pelagic seabird that breeds in dense colonies on islands 
in New Zealand and in southwestern Australia, as well as 
on St Paul and Lord Howe islands (Fullagar et al. 197 4, 
Roux 1985, Ross et al. 1996, Taylor 2000). The species is 
a trans-equatorial migrant that winters on both sides of 
the North Pacific Basin (Marchant & Higgins 1990). The 
population of Flesh-footed Shearwaters on Lord Howe 
Island, estimated to be approximately 17 500 pairs, has 
decreased substantially during the past few decades (Priddel 
et al. 2006). Known causes of decline include mortality in 
long-line fishing (Baker & Wise 2005) and loss of nesting 
habitat (Priddel et al. 2006). Recent observations of skeletal 
remains containing sizable amounts of plastic, together with 
plastic debris scattered throughout the breeding colonies 
of the Flesh-footed Shearwater, raised concerns that plastic 
ingestion may also be contributing to the decline of this 
species (Hutton 2004). In this paper we investigate the 
prevalence of plastic ingestion by Flesh-footed and Wedge­
tailed shearwaters, Puffinus pacificus (J.F. Gmelin, 1789), 
on Lord Howe Island. These two species breed concurrently 
during the Austral summer with eggs of both species 
typically laid in late November or early December and 
young fledging in late April and May (Fullagar et al. 197 4, 
Priddel et al. 2006). Both species feed on, or close to, the 
surface, although Flesh-footed Shearwaters can also dive 
deeply. The Wedge-tailed Shearwater is common throughout 
the tropical and sub-tropical waters of both the Pacific and 
Indian oceans. The current size of the population on Lord 
Howe Island is not known; the most recent estimate, in 
1972, suggested there were approximately 30 000 pairs 
(Fullagar et al. 197 4). 
Many species of seabirds are particularly susceptible to 
plastics in the marine environment. Small pieces of plastic 
floating on or near the surface of the ocean can resemble the 
adults and larvae of crustaceans (Mauchline 1980, Raymont 
1983) or may harbour the eggs of pelagic fish (Colton et 
al. 1974). Consequently, seabirds mistake plastic for food 
and ingest it, sometimes in large quantities (Moser & Lee 
1992, Laist 1997). Plastic ingestion has a range of lethal 
and sub-lethal consequences. By decreasing the capacity 
of the proventriculus, the accumulated plastic can lower 
food intake, resulting in lower fledging mass and decreased 
survival (Connors & Smith 1982, Ryan 1987a, Sievert & 
Sileo 1993). Plastics can impair gastrointestinal function or 
cause physical damage to the bird's gastrointestinal tract, 
including perforation, blockage or ulceration (Day 1980, 
Pettit et al. 1981, Zonfrillo 1985, Fry et al. 1987, Pierce et 
al. 2004). Also, during digestion plastic can release toxins 
such as polychlorinated biphenyls (Ryan et al. 1988), which 
can accumulate in the tissues of the bird causing impaired 
fitness and reduced survival (Pettit et al. 1981, van Franeker 
1985). These, and other toxins, can also disrupt reproduction 
by lowering steroid hormone levels and delaying ovulation 
(Peakall 1970, Hoffman et al. 1996). 
Adults of many species of seabirds habitually regurgitate 
indigestible parts of their food, such as squid beaks, fish 
bones and plastic (e.g., Hays & Cormons 1974). Chicks, 
however, tend not to regurgitate until they are almost fully 
fledged, so plastics accumulate in their gut during the nestling 
period. For both Flesh-footed and Wedge-tailed shearwaters 
this period is about 14 weeks (Roberts et al. 1975, Powell 
et al. 2007). The low propensity of chicks to regurgitate 
indigestible material places them at greater risk than adults. 
The physical presence of plastic in the gut not only prevents 
chicks from receiving a full load of food at each feed, but by 
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preventing proventricular contraction - an important cue
in the stimulation of hunger they may have depressed
appetite and diminished feeding activity (Sturkie 1965,
Connors & Smith 1982, Ryan 1988a). The lower nutrient
intake may result in reduced fitness or death, often through
dehydration (Sievert & Sileo 1993).
Despite these consequences, definitive evidence of death
or physiological damage resulting from plastic ingestion is
difficult to obtain (Auman et al. 1998), with comparative
studies often failing to reach statistical significance because
of small sample sizes (Day 1980, Connors & Smith 1982).
Additionally, proving cause and effect is problematic
because of the difficulty in isolating this particular factor
(Ryan 1987a). In this study, we aim only to determine the
extent of plastic ingestion in two species of shearwater,
not its impacts.
STUDY SITE
Lord Howe Island (31 °30'S, 159°05'£) is a small (1455 ha)
oceanic island in the South Pacific Ocean, 580 km east ofthe
Australian mainland. An area of lowlands, much of which
has been cleared for agriculture and settlement, separates the
northern hills (209 m) from the two southern mountains
(875 m). The main island is surrounded by a number of
smaller islets and rocks. Flesh-footed Shearwaters nest on
the main island at several locations within the lowlands,
on calcarenite soils, in burrows up to 3.4 m long (Priddel
et al. 2006). Wedge-tailed Shearwaters are more abundant,
and their nesting grounds are more dispersed. They breed at
numerous sites on the coastal fringe of the main island and
on most of the smaller islets within the group.
METHODS
Periodically, between October 2001 and August 2002, the
colony of Flesh-footed Shearwaters near Neds Beach (see
Priddel et al. 2006) was searched for the remains of dead
shearwaters. Carcasses were collected and dissected. Any
plastics were separated from the skeletal material and other
remains. The number ofpieces and approximate size ofeach
piece were recorded. The plastic recovered from each bird
was then submerged under water in a graduated flask and its
volume determined (to the nearest 0.1 cm3) by displacement.
Small, trace amounts were recorded as 0.1 cm3•
During 27-29 April 2005, Flesh-footed Shearwater
colonies were searched at night to capture and sample
live, near-fledged birds on the surface. These birds were
approximately 13-14 weeks old and, judging from the
development of their primaries, were about 1-10 days from
fledging. We sampled the stomach contents of 56 birds
by flushing the proventriculus with water, as described by
Wilson (1984). This non-lethal technique generally recovers
89-1000/0 of the proventricular contents (Ryan & Jackson
1986), so some plastic fragments may remain in the gut
(Sileo et al. 1990). In an attempt to recover the entire
stomach contents, each bird was flushed three times. The
maximum volume of water pumped into the bird before
it regurgitated was recorded and used to approximate the
maximum capacity of the proventriculus. All regurgitated
material was collected. The quantities of water and oil were
measured using a graduated flask and then discarded. Any
plastic or other solid material was retained and sorted.
The volume of this material was later measured by water
displacement. Moribund or malformed birds that were
incapable of flight were flushed and then euthanased. These
birds, together with any carcasses found, were dissected
and the contents of the proventriculus removed, sorted
and measured.
Between late April and early May 2005, Flesh-footed
Shearwater colonies were searched by day to collect freshly
dead birds (n = 6) and regurgitated boluses (n = 124)
containing plastic and other indigestible material. Boluses
were collected only if fresh (i.e., the mucus in them was
still wet). The volumes of plastics and other solid material
were measured as described above.
Flesh-footed Shearwaters found killed on the roads
between 2001 and 2007 were collected and stored frozen.
These were subsequently thawed and dissected. The contents
of the proventriculus were removed and the volume of
plastic was measured.
On 29 April 2005, 30 near-fledged Wedge-tailed Shear-
water chicks were extracted from their burrows and their
proventricular contents sampled using the methods described
above. Judging from the development of their primaries,
these birds were approximately 2-3 weeks from fledging.
After all fledglings had departed the colony, the nesting
area was searched to locate the remains of dead chicks
and regurgitated boluses of plastic and other indigestible
material.
Statistical analyses
Single-factor ANOVAs were used to examine differences
in (1) the mean quantities of plastic in live and dead Flesh-
footed Shearwater chicks, (2) the quantity ofplastic in chicks
and in boluses, and (3) the amount of plastic and other
indigestible material. Differences in the quantity of plastic
flushed from the two species of shearwater were examined
by single-factor ANOVA, after data were log-transformed to
normalise variances. All means are given ± SD.
RESULTS
Flesh-footed Shearwaters
The skeletal remains of 14 Flesh-footed Shearwaters were
found in the area searched during 2001-02. All these remains
contained plastic, in volumes ranging from 10-37 cm3
(mean 20.5 ± 7.1 cm3). In total, 579 pieces of plastic were
recovered from these 14 birds, an average of 41 pieces per
individual. The pieces were predominantly flat fragments of
containers and other articles that ranged in size from about
25 mm2 to 1500 mm2; with a median size of about 30 x 20
mm. Identifiable plastic items in carcasses included bottle,
carton or tube caps (16), bag or balloon ties (5), strapping
tape (2), a golf tee (1) and a pen top (1).
Of the 56 near-fledged Flesh-footed Shearwater chicks
sampled during 2005,44 (79%) contained plastic (mean 2.6
± 3.6 cm3; range 0.1-18.0 cm3, fig. 1). Forty-one birds (730/0)
contained oil, in volumes ranging from 0.5-38.5 ml (mean
9.9 ± 9.1 ml). Thirty-one birds (55%) contained other solids
(squid beaks, otoliths, pumice and fish bones) in volumes
ranging from 0.1-5.0 cm3 (mean 0.7 ± 1.0 cm3). Maximum
proventriculus volume was 120 ml. For birds that contained
some indigestible material, the mean quantity of plastic in
the proventriculus exceeded the total amount of other solid
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FIG. 1 - Frequency distribution ofthe volume ofplastic contained in the proventriculi
ofnear-fiedged Flesh-footed Shearwater chicks (solid bars) and in regurgitated boluses
ofindigestible material (light bars). Data include only those birds (n = 44) and boluses
(n = 124) that contained plastic.
material (ANOVA, F1, 73 = 8.635, P < 0.004).
One of the 56 birds sampled had malformed wings and,
although it was otherwise healthy, it was unable to fly,
and so was euthanased. The proventricular contents of this
bird obtained by flushing consisted of one squid beak (0.1
cm3) and one plastic bead (0.1 cm3). Necropsy found the
proventriculus to be empty indicating that all proventricular
contents had been removed by flushing. Another two
individuals were moribund when found; these birds were
flushed but were omitted from the sample of 56 above
because they were clearly unwell and may not have been
feeding normally. Both were euthanased. Flushing yielded
20 small pieces of plastic (1.6 cm3) and a small amount of
other solids (0.1 cm3) from one bird, and nothing from the
other. Necropsy found one additional piece of plastic (0.1
cm3) in the proventriculus of the first bird and nothing in
the second, indicating that flushing removed 94% of the
proventricular contents.
Six other near-fledged chicks from the 2005 cohort were
found dead. Necropsy revealed that each bird contained
significant quantities of plastic (mean 24.5 ± 5.0 cm3,
range 18-32 cm3). Dead birds contained significantly
more plastic than did live birds (ANOVA, F1, 48 = 178.9,
P < 0.0001).
All 124 freshly regurgitated boluses that were collected
contained plastic (mean 5.8 ± 2.8 cm3; range 1.0-14.0 cm3,
fig. 1) and small amounts of other indigestible solids. All
boluses also contained various amounts of down, indicating
they had been regurgitated by chicks, and consistent with
observations that most adults had departed the colony
by this time. The mean quantity of plastic in each bolus
exceeded the mean amount of plastic flushed from each
bird (ANOVA, F1, 166 = 36.887, P < 0.0001; birds without
plastic were excluded).
A total of 21 adult Flesh-footed Shearwaters were found
dead on the road after having been killed by vehicles. No
plastic was found in any of these birds.
<1
FIG. 2 - Frequency distribution of the volume ofplastic
contained in the proventriculi of near-fledged Wedge-tailed
Shearwater chicks. Data include only those birds (n = 13)
that contained plastic.
Wedge-tailed Shearwaters
Of 30 Wedge-tailed Shearwater chicks sampled for
proventricular contents during 2005, 13 (43%) contained
plastics (mean 0.7 ± 0.9 cm3; range 0.1-2.8 cm3, fig. 2).
Ten birds (330/0) contained other indigestible material (fish
bones, squid beaks, pumice and wood) in volumes ranging
from 0.1-4.5 cm3 (mean 2.0 ± 1.2 cm3). All birds contained
varying amounts of fish and squid, but none contained oil.
Maximum proventricular volume was 90 m!. The quantity
of plastic found in Wedge-tailed Shearwater chicks was less
than that recovered from Flesh-footed Shearwater chicks
(ANOVA, F1, 53 = 4.541, P = 0.038, figs 1 and 2).
Of 22 Wedge-tailed Shearwater carcasses found in the
colony, three (140/0) contained plastic (1.5 cm3, 5.0 cm3 and
11.0 cm3). No boluses of regurgitated plastic were found
during searches of Wedge-tailed Shearwater colonies.
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DISCUSSION
This studyhas shown that both Flesh-footed andWedge-tailed
shearwaters breeding on Lord Howe Island ingest plastic.
Plastic ingestion was particularly prevalent among Flesh-
footed Shearwaters, and many unsuccessful fledglings had died
with substantial amounts of plastic in their proventriculus.
The highest plastic load (37 cm3) was equivalent to 31 % of
proventricular capacityofthe largest individual. Based on these
observations we speculate that some Flesh-footed Shearwater
chicks probably died as a result of excessive quantities of
ingested plastic. However, we know of only one instance
where death ofa chick can be directly attributed to ingested
plastic. Necropsy ofthis chick, found dead in 2005, revealed
that the proventriculus had been punctured by a sharp piece
of plastic (S. Thalmann pers. comm.).
Seventy-nine per cent of near-fledged Flesh-footed
Shearwater chicks on Lord Howe Island contained plastic.
The quantity ofplastic recovered from live chicks was highly
variable, but generally was less than that recovered from
dead chicks: whereas 50% of dead birds contained>5 cm3
of plastic, only 10% of live birds contained this amount. It
is possible that flushing failed to remove all plastic from the
proventriculus, thus accounting for the apparent difference in
plastic loads between live and dead birds. However, evidence
from the small number of birds that were both flushed and
necropsied indicated that less than 60/0 of items remained
in the proventriculus after flushing.
The appearance of numerous boluses containing
regurgitated plastic throughout the Flesh-footed Shearwater
colonies in May of each year, after most adults had left,
indicated that many fledglings offioaded the plastic that
had accumulated in their gut before they departed from
the island. The amount of plastic recovered from live birds
was less than that contained in these boluses and it is likely
that many of the birds sampled had already regurgitated
some plastic. We conclude that plastic ingested by Flesh-
footed Shearwater chicks accumulates in the proventriculus
until shortly before fledging, when the young emerge
from their burrows and regurgitate their proventricular
contents, presumably in preparation for flight. The absence
of plastic in adults indicates that these birds expel any
plastic they ingest, at least some of it being passed onto
their offspring.
Although 43% ofWedge-tailed Shearwater chicks on Lord
Howe Island contained plastic, plastic ingestion was much
less of a problem for this species (see figs 1 and 2), at least
during the period of this study. Compared to Flesh-footed
Shearwater chicks of approximately the same age, (i) fewer
individuals contained plastic, (ii) lesser quantities of plastic
were present in the proventriculus of those birds affected,
and (iii) boluses containing plastic were not obvious in the
colony. The reasons for these species-related differences are
unclear. Although the feeding behaviour of the two species
differs, Wedge-tailed Shearwaters tend to forage closer to
the surface than do Flesh-footed Shearwaters and thus
would be more, rather than less, likely to encounter floating
plastics. It is possible that Wedge-tailed Shearwaters are
much more selective in the items that they pick up, but a
more likely explanation is that they forage in areas where
there are lower concentrations of plastics. Proventricular oil
was found in 73% of the Flesh-footed Shearwater chicks
sampled, but in none of the Wedge-tailed Shearwater
chicks. This difference reflects dissimilarity in the foraging
range of the two species, with Flesh-footed Shearwaters
probably travelling further from Lord Howe Island than
do Wedge-tailed Shearwaters (Schultz & Klomp 2000).
During winter, Wedge-tailed Shearwaters forage at much
lower latitudes in the North Pacific than do Flesh-footed
Shearwaters (Marchant & Higgins 1990) and species that
winter in the tropics tend to have much lower plastic loads
than those that winter further north, presumably because
the density of plastic in the tropical Pacific is lower than in
the North Pacific (Spear et al. 1995). Although plastics are
ubiquitous throughout all the oceans of the world (Derraik
2002), variability in ocean circulation patterns can change
the amount of marine debris regionally and therefore the
amount available to seabirds foraging in a particular area
(e.g., Morishige et al. 2007).
The high incidence of plastic in Flesh-footed Shearwater
chicks on Lord Howe Island was not unusual for this species
or other congeners. Of 83 Flesh-footed Shearwaters killed
in driftnet fisheries in the North Pacific during 1990-91,
79 (950/0) contained ingested plastic (Robards et al. 1997).
In the same study, the incidence of plastic ingestion was
85% (n = 543) for Sooty Shearwaters, Puffinus griseus
(J.E Gmelin, 1789), and 880/0 (n = 200) for Short-tailed
Shearwaters, P tenuirostris (Temminck, 1835). A similar
study by Ogi (1990) found comparable levels of plastic
ingestion: 89% (n = 193) for Sooty Shearwaters and 82%
(n = 265) for Short-tailed Shearwaters. Reported incidences
of plastic ingestion by Wedge-tailed Shearwaters, although
highly variable, have been somewhat lower: 3-290/0 (Sileo
et al. 1990); 12-60% (Spear et al. 1995); 60% (Fry et al.
1987); 430/0 (this study).
From a sample ofWedge-tailed Shearwaters shot at sea in
the central Pacific between 1984 and 1991 Spear etal. (1995)
found the incidence ofplastic varied among age classes: 20%
of fledglings, 60% of pre-breeding adults and 12% of post-
breeding adults contained plastic. The relative incidence of
plastic in each age class is consistent with our interpretation
of data obtained from Flesh-footed Shearwaters on Lord
Howe Island, i.e., plastic, much ofwhich is picked up at the
winter foraging grounds, is offioaded to chicks by adults and
then offioaded by chicks via boluses prior to fledging. Ryan
& Jackson (1987) and Ryan (1988b) also reported lighter
plastic loads in adults after the breeding season compared to
before it, and suggested that offioading ofplastics by parents
to young accounted for this difference. Spear et al. (1995)
argued that the low incidence of plastic in fledglings at sea
offered little evidence to support this hypothesis, but these
authors failed to take into account that, as shown in this
study, many fledglings purge themselves of plastic before
departing from the breeding grounds.
On Lord Howe Island Flesh-footed Shearwaters breed
among human habitation, so the absence of any previous
local record of plastic ingestion by this species suggests that
this phenomenon may have become more prevalent in recent
years. Other studies, however, have shown that the level of
plastic ingestion can vary dramatically between years (Ryan
1988b, Sileo et al. 1990). For example, plastic was present
in 44% of Red-tailed Tropicbird, Phaethon rubricauda
Boddaert, 1783, chicks at Midway Atoll, Northwestern
Hawaiian Islands, in 1986 but in only 2% of chicks the
following year (Sileo et al. 1990). Similarly, the mean
volume of plastic ingested by Laysan Albatross, Phoebastria
immutabilis (Rothschild, 1893), chicks in consecutive years
was 46 cm3 and 5 cm3 (Sileo et al. 1990). Further studies
are needed to assess the long-term trends in plastic ingestion
by Flesh-footed Shearwaters on Lord Howe Island.
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Although the incidence ofplastic varies considerably both
among species and among individuals within species (Furness
1985, Azzarello & Van Vleet 1987, Ryan 1987b, Moser &
Lee 1992, Spear et ale 1995) the growing body of evidence
suggests that the frequency and quantity of ingested plastic
in seabirds is increasing (Robards et ale 1997). More than
one-third of the world's seabird species are now known to
ingest plastic, with Procellariiformes being among those most
affected (63 % of species, Laist 1997). In many species, the
proportion of individuals that contain plastic exceeds 800/0.
This increase in plastic ingestion parallels an observed increase
in plastic pollution in the areas where many seabirds forage
(Moser & Lee 1992). The increase in plastic ingestion in
seabirds is a disturbing trend, particularly as this is only
one of a number of anthropogenic threats affecting these
species (Baker et ale 2002). Long-line fishing and loss of
nesting habitat have both been identified as serious threats
to the population of Flesh-footed Shearwater on Lord
Howe Island (Baker & Wise 2005, Priddel et ale 2006).
The threatened status of this population warrants further
studies be undertaken to monitor population size, along with
experimental research or modelling to assess the impact of
plastic ingestion on chick and fledgling survival.
Many countries have taken comprehensive action to
address the issue of marine litter through legislation,
enforcement of international agreements, provision of
reception facilities for ship-generated wastes, adoption of
improved practices for the disposal of waste on land, and
support for extensive beach clean-up activities, as well as
information, education and public awareness programs
(UNEP 2005). Despite these efforts, the situation, globally
as well as regionally, is worsening; the quantity of plastic
waste circulating in the world's oceans continues to grow
(Derraik 2002). It is clear that the problem cannot be
solved solely by means of legislation, law enforcement
and technical solutions, it is also a cultural problem that
requires changes to attitudes, behaviours and management
approaches (UNEP 2005).
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